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ABSTRacT 

In the modern analytic war game, a military situetion is simulated 
by describing the conflict in a mathematical model and carrying out the 
"play" of the game by computer. The traditional methods of tactical 
analysis are blended with the relatively new methods of mathematical 
Simulation. 

This thesis has been written with the purpose of familiarizing the 
military officer with this new and promising analytic tool. 

Internal features of the game, which should be understood and 
appreciated by the military beneficiary of war game results, are 
examined. These include mathematical approximations, assumptions, and 
Simulated decisions using the Monte Carlo technique. Some guidelines 
are suggested to assist the user in determining the meaning and rele- 
vancy of war game results. ‘The objectives, appropriate uses, advan- 
tages, and disadvantages of this analytic technique are discussed 
from the point of view of the game's usefulness to the military deci- 


Sionmaker. 
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PREFACE 

The analytic war game, usually played on a high speed digital 
computer, is becoming an accepted, though controversial, aid to the 
military decisionmaker. The purpose of this thesis is to attempt 
to collect and condense information about, and assess the usefulness 
of, this relatively new approach to military analysis. 

It is intended that the treatment of the subject will take the 
point of view of looking at the value of this technique to the mil-= 
itary planner who must make use of all available methods of analysis, 
even though he may not have had an opportunity to explore each method 
in depth. 

The ideas and opinions distilled in this report have been drawn 
from current literature in the field, from formal courses in war gam= 
ing, and most profitabl;, from conversations with military officers 
deeply concerned with uses and misuses of analytic methods, and civil- 
lan operations researchers who are involved in the solution of mili- 
tary problems. 

The author is indebted to Professor Alvin F, Andrus for his 
expert guidance curing the preparation of the thesis and to Professor 


Rex H. Shudde for his thoughtful review of the final draft. 
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CHAPTER I 
INTRODUCTION 

1. Pumpose 

Tae purpose of thisethesis is to present to the miditary officer 
a critioue of analytic war gaming in light of its contribution to the 
knowledge of modern military strategy and tactics, ‘shile this subject 
has been explored extensively, there does not seem to be much formal 
dialogue directed to the military decisionmaker, who must make opera- 
tional decisions based on results of mathematical analysis. ‘the under- 
standing and appreciation of each analytic method is essential to the 
making of better military plans in a volatile world situation. This 
paper is an attempt to partially fill this gap as regards the partic- 
ular methodology of war game analysis, 


2. Concepts and terms 





In any mathematical analysis, it is assumed, or at least believed, 
that the relations involved in the real system can somehow be quantified 
and abstracted. This abstraction is called a model, whether it be a 
Simple addition equation or a series of complex formulae attempting to 
describe interactions between nucleons, The model has been described 
as a symbolic representation of the domain of phenomenon uncer invest-~ 
se Hono) of GDF 

Simulation, In military war gaming, this symbolic representation, 
or model, is a mathematical image of the military setup that we are 
trying to learn more about, We can vary the quantities in the model 
and develop a series of configurations which might sugyest a picture 
of the model in natural motion. By doing so, we simulate or capture 


the appearance of the real system being investigated. ‘\WJhen the con- 





flict or engagement is "played out" we say that the action is being 
Simulated. 

There are many types of simulation: wind tunnels, link trainers, 
physical models, etc., but the term as used here will imply a computer 
play of a military conflict situation. 

A simulation must also be distinguished from a computer solution 
to a definite, but lengthy, numerical problem. Many solutions to 
linear programaing problems, for example, are carried out entirely 
by computer. A simulation, on the other hand, implies some complex 
entity which is in motion and the results of such motion are not 
uniquely determined, as they would be in a solution to a static mathe- 
matical problem. The link trainer, for example, is meant to simulate 
a real aircraft, but each time it is used the results are different 
and may or may not compare well with the results of an actual flight 
by the same pilot. 

War games, When the concept of an opposing force capable of 
making decisions is introduced, the simulation becomes a game. During 
the play of the game, decisions made by the enemy may be predetermined 
or chosen randomly, but they will still be considered essentially as 
actions by a rational enemy. 

Unless modified, e.g., manual war game, the phrase war game will 
be used synonymously with the term simulation in this thesis. 

3. Iypes of war pames, 

The war game has a long history as an aid in planning military 
operations and as a metnod of gaining insight into possible future 
military engagements (32). ‘War gaming, in general, can be divided 


according to the two purposes for which it is employed. Although 





these purposes will overlap in any given game, one will usually be 
given as the primary reason for formulating the game originally. 

One purpose has been for the training of the decisionmaker. ‘this 
type of game could be played through, allowing a prospective leader to 
make all tne decisions necessary to the success of the campaign, there- 
by gaining experience that he might never get until such time when 

rrors in judgment would be far more costly. In recent tinies, this 
use of the game as a training device has become an claborate and soph- 
isticated method of training executives in industry as well as future 
admirals and generals. Many computer essisted Susiness games have 
proved beneficial to men who already nold positions as responsible 
decisionmakers (2). In the Navy, the Naval Diectronic Warfare Sim- 
lator (NEWS) at the Naval War College is contributing to the decision- 
making ability of many Naval Officers (15). These games create an 
artificial atmosphere in which decisions can be made whicn closely 
resemble, in form, the actual decisions which must be made in the real 
world, ‘ar games used in this regard are primarily training devices, 
or act as a means of examining human factors invoived in a conflict 
Situation. 

The other purpose of war games, and the one that this paper will 
be concerned with, is the use of war games as an analytic tool, the 
results of which may be used to guide military planners. To qualify 
as a method of analysis, the gaming method must go beyond the educa- 
tion and enlightenment of those directly connected with the game model 
and it muet produce results upon which future action can be based, 
Some analysis has been done in the past using war games, but the action 


taken has been limited to tactical changes wnere the game ivself has 
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served as a focusing device to point out faulvs to be corrected in lhe 
field. The game results have seldom dictated aajor strategic uphsavels, 
Today the war game is being called upon to perforin a zvreater and more 
crucial service. From this type of analysis many decisioris must be 
made, not solely restricted to tactics, but involving weapons systems 
procurement, the future of deterrent systems, employment of military 
resources on a world scale, and a host of problems whose solution may 
never be tested in the cold light of reality. Often no experience is 
available to corroborate analytic results obtained on these sud jects- 

Analytic war games can be devised in a great variety of forms. 
The sumplest being the mere thinking out of a conflict situation by 
assigning moves to the enemy and determining counter moves. ‘This 
primitive mental game has been formalized into games like chess. at 
the other extreme, large manual war games are conducted periodically 
in the form of flee cKkelcises ini Trien.diy 3) Due unpredictable, 
enemies, Although the primary purpose of these workouts is training, 
post-cexercise analysis 1S getting increased attention. 

While it is not imperative in this paper to distinguish between 
a machine-played game and a similiary game played by hand, the compute 
erized game will be dealt with since it is becoming the foremo3t method 
of "playing" large scale war games. An important distinction to be 
made is that the analytic technique to be discussed consists of a 
complete model with all rules and decisions built-in, as opposed to 
manual war games where human decisions are injected during the play 
of the game and conflicts are often decided upon by umpires. 

The type of war game that will be evaluated in this thesis is 


the "paper" game which consists of a mathematical model, and the play 


ly 





of the game is performed entirely by computer, In tne critique of war 
gaming to foilow, the structure and components of computer simulated 
war games will ve examined first, followed by sone discussion of the 


overall objectives and advantages of this method of analysis. 





Geen LI 
IhThehal STRUCTURE 

Ask anyone to pass judgment on war zame resulvs and inuedisvely 
he asks, "What are the assumptions of the game?" There seens to be 
more concern with what goes into simulation than into any other form 
of analysis. In this chapter, the contents of a war same will be 
explored with the hope of discovering the origin of this apprehension 
about assumptions and secing to what degree they differ from the 
assumptions made in tne solution of any proolem containing undeter-~ 
mined GUuantLtTes, 

First of ail, it should be noted th-t, in the short history of 
operations research of military matters, many resulvs of reports and 
studies have been accepted as indisputable mathematical truth, and 
some fleet doctrines have been based on these results. If the mathe- 
matics could be verified, the assumptions often went unnoticed, Jith 
the advent of computer simulation, however, the resuits are being held 
provisional. Jt could be the physical form of the results which 
causes such reservations. The results come out neatly arrenged and 
eMplicitly stated, fet one is forced to wonder hew tney were generated. 

No decisionmaker can accept results of this nature without soue know- 
ledge of their origin. vertainly a military strategist must be satis-+ 
fied with the a priori assumptions of a war game oefore he can teke 
action on the results. It may be a blessing th2t this type of analysis 
has directed attention to assumptions made in all trpes of anaijsis, 
whether the actual reckoning takésmplace wathin the computer or is 
delineated in pure, but unintelligible, mathematical symbols. It is 


becoming clear thal the acceptability of results rests as@fiuch with 
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what is cresupposcds A Warn the rigor of the Tletnods uchd. 
ASSURNELLONS occur law smipes and forms “we internal stric- 
ture of the war pame will now be examin .<¢c to see where, and in what 


femi, assumptions arlisepMandcwwnelherwthey are necessary or justified 
Of special interest will be the observation of those asswaptions which 
appear to be unique to the war gaming method. 

1, Mathematical approximations. 

In the writing of a war game, all phenomena involved must be reduced 
to mathematical form. In this reduction, approximations begin to appear. 
Radar and sonar coverage areas might be described as perfect circles. 
Navigation is often depicted with straight lines. Nuclear bursts are 
given perfect spherical form, Equations are formed from extensions 
of "best fit" curves to areas where no data are available, There is 
no end to the estimations which must be made when a physical situation 
is being pictured mathematically. 

With the necessity of approximations assumed, the problem which 
presents itself to the analyst is the choice between an approximation 
consistent with the latest scientific information, possibly unmanage= 
able, or a form more easily handled but amounting to a cruder approx= 
imation. This problem is not unique to simulation, However, s imula- 
tion is an attempt to portray all the meaningful features of the real 
world whereas much strictly mathematical analysis deals with idealized 
cases and is satisfied with a specific maximization or minimization of 
functional relationships. Therefore, the burden seems to be on the 
war gamer to seek the most accurate avproximation that he can formu= 


late and program. The heart of war game theory is the presumption 








that while the perforrance of the entire military complex is unknown, 
the performance of each element is known (8). If this were not the 
case the gaming method would not be feasible. To "know" in this con- 
text is to be able to describe the element mathematically as a numer= 
ical parameter or as the root of an equation. 

The equations and parameters used are themselves approximations, 
They come from two sources: theoretical inquiries and empirical data. 
Hopefuily, the two will support each other. Generally, the war game 
builder desires to describe an entire event, but information from the 
two sources covers only parts of the event, This is often the case 
when nuclear explosions are sinulated. The theory of nuclear efrects 
is incomplete and the data available to date relate to a few specific 
occurrences, Thus, if one is war gaming an ASW problem using nuclear 
depth bombs, he has to account for the effects of these weapons with 
very limited knowledge of their actual effects, Whether his approx= 
imation will adversely affect the results will depend largely upon 
the objective of the game. This relationship will be discussed later 
in the section on game details. 

While the above approximaticn may be crucial, other approximations 
appear to be both harmless and extremely handy, For example, in many 
ASW problems a conar search pattern is deLermined by using the sonar 
range 23 a radius to describe a circle about a transducer. Undoubted- 
ly, the true search pattern is not a constant geometric shape, let 
alone circular, but varies continuously with ship motion, water tem= 
perature, etc. Unless it can be showm tht the actual pattern is 


markedly different from the circular approximation, an attempt to 





picture it more accurately would mean an increase in labor greatly 
out of proportion to the increase in accuracy. 

The military war gamer must not only produce a inathematical approx- 
imation for each element of the game, but he must also have some feel 
for the sensitivity of each parameter in order to balance accuracy 
with ease of handling. On one hand, the data may be so sparse that he 
has no choice of degrees of accuracy and ease of handling is not a 
problem. In this case, however, the limitation on the simulation does 
not necessarily have to be a fatai flaw as long as those who aspire to 
make use of the results are made cognizant of it. The merits of the 
gaming technique should not rest on the fact thet knowledge of the 
real world is incomplete, but rather on how well it uses this know=- 
ledge to produce meaningful results. 

With an abundance of data, on the other hand, accuracy and ease 
of handling may both be affected by the limits of the computational 
methods, Even if some action can be described mathematically, its 
inclusion in the game may be prohibited by the capacity of the computer 
to handle many such extensive calculations and still satisfy the 
objective of the game in reasonable time and at reasonable costs, 

When there is very little or no information available on a par- 
ticular parameter, it is occasionally the practice to either assign 
such parameters arbitrary values or ignore them completely. This 
expedient usually breeds dark suspicious in the mind of the user. 
There is other recourse, It may transpire that someone with opera] 
tional experience will be able to indicate whether the parameter in 


question will be crucial to the objective sought. If not, the para- 








meter can be injected into the game and aliowed to take on a wide 
range of values through different plays of the game This, of course, 
is a lengthly procedure and may convert the simulation into a para= 
meter sensitivity test. Such a test is not an unworthy use of the 
simulation method since information as to the criticality of a para~ 
meter may not only provide a spark to further analysis, but may also 
lead to examination of the associated element in the fleet 

These questions concerning the degree and desirability of mathe- 
matical approximation lead directly to the problem of how much detail 

should be included in the structure of the game. 
Zieeletal ls 

Accuracy of detail. The accuracy of detail pertains to the assign-= 
ment of numbers to denote equipment performance or as part of the pre- 
viously discussed mathematical approximations. 

Since a physical situation is being approximated, the detail in 
the approximation cannot exceed the know detail of the real situation. 
Any attempt to represent a parameter with a number of six significant 
figures when the parameter is only known to three will introduce un- 
necessary error. A military conflict is simulated by delineating each 
component which is of known capability and allowing the components to 
interact in a perscribed manner. Errors introduced in the descrip= 
tion of the components may very well become multiple errors as the 
interactions occur. It would follow then that if an element or com- 
ponent could be described adaquately by a single number or equation, 
it would be preferable to do so, rather than describe its sub=com= 
ponents in detail. Whether this is the better approach will depend 
on the purpose of the game. 
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The rule on accuracy seems to be: be as accurave as the current 
knowledge of the actual item will allow, provided tiie data can be mathe~ 
matically described and programmed within the practical constraints of 
the simulation. No such rule exists when dealing with the amount of 
detail. 

Amount of detail. Those engaged in building and using a war game 
must, of necessity, consider every aspect of the situation being simulat= 
ed, Part of this consideration is to limit or extend the completeness 
of description of each event. The gamer is torn between two beliefs; 
that everything of significance must be included, and that a conglomer= 
ation of detail can cause the program to become unwieldly and increase 
the difficulty of having the game and its results understood and ap= 
preciated. The urge to program every conceivable detail is fostered 
by the apprehension that one cannot know the effect of an omitted 
detail. It seems that a detail included and found unnecessiry, can 
be removed, but one left out may always provide grounds for declaring 
the game "unrealistic", Elaboration, therefore, is sometimes sought 
in order to claim verisimilitude. 

While there is presure for detail, there are strong reasons for 
limiting it. The most obvious reason is that the work involved in 
formulating the action mathematically and then programming it seems 
to increase in a non-linear fashion as more sub-systems are described. 
This practical consideration places an upper limit on the minutiae, 
but it does not provide a working rule with which to sift out the 
essentials. 


How then, in a given game, can the amount of detail be decided 
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upon? In general, the answer to this question can be found only by 
considering the objective of the game. In any game, the effects of 
certain systems are to be studied while the rest of the game provides 
the proper environment in which to evalulate these systems. The 
"atmosphere" should be created with a minimum of detail. If the object 
of the game is to examine specific weapons or tactics, one is not only 
concerned with the efrects of these systems but also with the causes 
of their effects. Therefore, the critical element must contain enough 
detail to ascertain, if possible, where weaknessess exist and what 
components are most sensitive, On the contrary, elements of the sim- 
ulation which are merely effects should be programmed as effects, not 
only to save labor, but to insure that they are programmed as they 

are experienced and not generated erroneously by a complicated routine 
containing many approximations, 

Suppose, for example, one is interested in testing the effective- 
ness of shipboard missiles against attacking aircraft. It would be 
appropriate to characterize the missile system in enough detail to 
check all phases of its usage; firing, flight path, acquisition, kill, 
etc. Even when this is done there will always be some doubt of the 
completeness, Should the weather be considered? How much should the 
aircraft be allowed to maneuver? These questions, and many others, 
appear to be answerable only with the advice and consent of the ulti- 
mate user of the game, who presumably has operational experience in 
this area, It may, however, be possible for the game itself to deter- 
mins the significance of some of these factors. 


On the other hand, a percentage of the attacking aircraft may 
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splashed for reasons other than missile hits. They may go down before 
contact; they isay get lost; they may be brought down by surface anti-= 
aircraft fire of picket ships, or intercepted and destroyed by combat 
air patrols. If we are interested only in shipboard missile effective- 
ness, these other losses could just as well be lumped into one attri- 
tion factor or "effect" and programmed as a single degradation of the 
attacking force due to causes other than missiles, Where the desire 
is to account for effects alone, it is often more accurate to program 
the total and final effect per se rather than construct it from com-— 
ponent causes which may be less known. At the same time, it should be 
noted that if the objective of the game is to study the effectiveness 
of the entire task force against attack, these other causes of "lost" 
aircraft must be described in detail. 

Consider the problem of determining ASW tactics against transit= 
ing submarines, One common measure of effectiveness is kills per 
transit. In arriving at a kill, many games are set up to include 
contact, classification, torpedo firing, chase, acquisition, and kill 
with a probability associated with each separate event, Is all this 
necessary? Presumably, all action takes place after contact, The 
number of kills may depend on a parameter attached to the torpedo or 
some other part of the weapon system whose fuction is determined prob= 
abilistically, Yet, if tactics are the prime concern, it may be suf-= 
ficient to tabulate only the number of contacts. The forces are usual-= 
ly arranged with regard to contacting the enemy and therefore the num- 
ber of contacts per transit may prove a more useful measure of effective- 


ness, while at the same time the calculations, and resulting errors, of 





Lorpea@s mction c@uld be avoided. The inoistekon gh tiie detail may even 
have the effect of hiding the sought after data. 

There exist sound reasons for the inclusion of a large amount of 
detailed descriptions in any simulation, but the gamer and the user 
must constantly compare the necessity of this detail with the objective 
of the game in order to hold it to a nmininur, 

3. Nonguantifiable assumptions. 

The third consideration in this area is with assumptions which 
may be called nonquantifiable, It is in this area where gaming en-= 
counters some unique difficulties, 

As a war game is developed, all factors that arise in the field 
are examined and some judgnent has to be made as to whether the factor 
is to be included, and in what form. The factors which are measurable 
and can be determined empirically have been discussed above. These 
include approximations, descriptions, details, and, in general, the 
physical characteristics of the system under scrutiny. 

Some factors cannot be quantified, yet are of extreme importance 
in simulation and must therefore be taken into account when the game 
is initially constructed, For the most part, the nonquantifiable 
performance involves the unpredictability of human behavior or the 
unknown forces of nature, Almost every event of a war game is pre= 
dicated on the decision of someone in a position to initiate the action, 
even though the event description consists only of the physical action 
or just the effects of the action, Inherent in this procedure are 
assumptions about human behavior, and such assumptions should always 


be made with care. These assumptions are often called "hidden" 


ik 





assumptions since they are seldom stated explicitly in the game des- 
cription. Virtually every element introduced in to the game carries 
with it an implicit or hidden assumption. Three broad areas of ime 
plied assumptions are: enemy action and nurposes, friendly forces 
performance, and the natural environment. 

Knemy action, In a computer simulated war game the enemy units 
must be given some courses of action or, in a sense, «nimated. The 
assignment of courses of action amounts to a major assumption, and 
care must be taken to avoid setting up a "paper tiger" to be destroy= 
ed by the proposed forces of the war game user. The enemy conduct 
may be predetermined or arrived at randomly, but it should be as 
realistic as the game demands, 

For example, in a submarine transit problem, the enemy submarine 
must be assigned some track in order to present a threat, In sone 
Simulations, an initial position is chosen randomly and the submarine 
is dead reckoned in a straight path. Is this realistic? Probably 
not, but is the assumption of a straight track detremental to the 
value of the analysis? Here too, one must look to the objective of 
the game for a criterion. It may be preferable to use 4 series of 
random positions. In either case, some assumed motion is essential. 
The above mentioned assumptions cannot be side-stepped and it is 
imperative that the user understand and accept them if he hopes to 
protiu froenvuhe results. 

Friendly forces. Similiar assumptions appear in the account of 
one's own forces, even if it only means assuming that they will carry 


on in accordance with past performance. lore often than not, future 
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performance must be assumed, Like mathemaLical upproximations, the 
aim is to make assumptions as close to the real performance as feas- 
ible, Often "a figure of merit” is assigned to the performance of a 
piece of ecuipment in both actual and simulated usage of the gear. 
This represents a more precise, but still only partially correct, 
assumption of how the given equipment will perform when needed, 

Frequently in war gaming, assumptions have to be made concerning 
communications; an integral part of any military engagement. EHven if 
communications are not mentioned, the implication may be of one nundred 
per cent reliability, wnich is a supposition worthy of careful study. 
lt may prove to be justified or even immaterial as regards the purzose 
of the simulation, but it should not be overlooked or ignored. 

Natural environment. The third realm of supposition inentioned 
above is the portrayal of the natural world. ‘Assume a situation" 
implies a myriad of "supposes" and they all must be accounted for in 
the final formulation of the problem. Accounting for such items does 
not necessarily mean inclusion, but rather inclusion or thoughtful 
Gejecrlom, 

For instance, the underwater environment is of grave concern to 
ASW forces and contributes to the headaches of those attempting to 
effectively simulate the action against an evading suomarine. The 
effect of water temperature on the speed of sound alone causes grey 
hairs amcung ASW tacticians, although it may be ignored by some war 
gamers. The ignoring of this factor is itself an assumption that the 
true tactical results can be obtained without considering explicitly 


the effect of changing water temperature on a sonar search pattern 
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This assumption may be valid in some iJnCividual war games, but the 
user sfiould be aware that it exists. 

These are some examples of the numerous presumptions and con= 
jectures which are part of any description of a real world situation, 
especially a world as dynamic and complex as that of modern military 
conflict. Since a perfect replica of the conflict situation is im= 
possible to attain, one must settle for an imperfect model built, 
not only on Imown facts and sound theory, but also on assumptions 
and personal judgments, The user cf the war game cannot ask for 
absolute reality, but he can ask that models which are far removed 
from reality be explained and warranted before the results can be 
accepted as reliable and useful data. 

In closing, a distinction should be made between internal an= 
proximations, details, and assumptions, and inputs to the game it- 
self. An input parameter may be a fact, an approximation, a figure 
of merit, or a plain guess, but it is determined by tne user to 
describe an element or event as he wishes it to be described The 
problems explored in this chapter deal with the internal structure 
ox the game over which the game user very often has little control, 
it is upon these features of internal logic that the decline or rise 
of war gaming 4s an analytic device rests 

Most of the internal descripticn of factors regarding the fickle 
ways of nature and fuzzy human behavior are handled mathematically 
with the use of probability distributions and Monte Carlo techniques. 


These methods will be discussed in the next chapter, 





CHAPTER Iil 
SIMULAT#D DiCISIONS 
Thoughout the long history of war gaming, the practitioner has 

been consistently concerned with one important process; the decision 
process, The game in its primitive form was used to "try out" tacti- 
cal choices against supposed enemy action. The enemy action could be 
entirely predetermined or improvised as the game progressed, Likewise 
the decisicns by the game player could be made as the situation evolved, 
in which case the game provided decision making experience as well as 
analysis. An entire series of possible decisions could also be laid 
out before the game, thus establishing selection rules for action when 
the facts called for a tactical decision. This latter type of setup 


was, in reality, the testing of an entire war rlan for a strategic 


> 
Situation or the testing of a battle plan for a tactical situation. 
The decision rules were conditional and formed a policy for action. 
The purpose of the game was very often to test the efiectiveness of 
the military policy proposed. 

In modern war gaming, these two types of decision methods are 
Similiarly applied. The first method, utilizing human decisions 
during the play of the game, is the prominent feature of the present 
manual war games and tactical training devices. The second method, 
in which decision rules are preprogrammed, forms the basis of current 
computer simulated war games. Present war gaming analysis is not 
restricted to the investigation of policy effectiveness alone, but 


is used to examine such problem areas as determination of changing 


force levels, need and utilization of improved weapon systems, and 


18 














4 


many other factors bearing on the state of military warfare However, 
the essence of simulation analysis is contained in its decision making 
process which allows for the virtual carrying out of a complex mili- 
tary interaction and the systematic following of it to its completion 

In a strict sense, a decision is a conscious choice of a course 
of action from alternative courses of action. ‘ihe war gamer is looking 
at the conseouences which come to pass as a result of these choices 
made by different units in the course of battle. In addition to the 
above sense, the term "decision" will be used in this paper to signify 
the outcome of an engagement of forces, as in the case of a rrize 
fight "decision" or the downing of an aircraft. One appeal of war 
gaming as a method of analysis lics in the fact that each event and 
interplay of events is "decided upon", or adjudicated, in the piay 
of the game as it would, or course, in the act:al conflict. 

The simulated war game has the capability of letting the various 
forces interact, or generating reactions, and of deciding conflicts 
without definite knowledge of the tactical cross preducts. In other 
words, it provides a "try it and see" technique. For purposes of 
analysis, the ingredients of the decisionmaking process need not 
be known since one is interested in the effects of the decisions on 
the tactical situation. sssentially, there are two kinds of decision 
processes in a simulation: the predetermined decision and the random 
choice event. 

1, Predetermined decisions, 
Very often in mathematical analysis the outcome of an interaction 


is predetermined, Since the outcome is forced by the events of the 


ey, 








game, there is no "choice" or uncertainty connected with the result 

A familiar example is a description of radar coverage areas as 
circles «nd any intersection of this circle by a represented flight 
path of a hostile aircraft is considered to be a detection which 
automatically initiates a tracking event The decision to be made 
here is when detection occurs and this has been determined in the 
programming of the game. The play of the game consists of consult= 
ing certain formulae or equations tc check for geometric intersect= 
ion. The procedure, in effect, represents a "decisicn" of nature 
that detection is immediate A human decision could be simulated 
in this case if the program were to track and interecept the ine 
vader, since, in reality, a human cecision is required to initiate 
such action. Nevertheless, the decision to track all detected air- 
craft has been made by the developer of the game, and is carried 
out automatically when certain conditions are fulfilled. 

Decisions which are predetermined to produce a definite response 
to a definite situation have an analog in actual military policy. 


Standard operating procedures are ideally designed to insure a uni-= 
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form and supposedly optimal response to certain tactical occurrences 
In such cases, the decision is predetermined when and if the event 
occurs in a certain manner. 

In like manner, the effects of nature may be predetermined with 
the utilization of equations based on experience and scientific in- 
vestigation of the phenomenon involved, In the simulation of a 

lkxamples: "track all unidentified blips": if communications 
are lost for five seconds on final, climb to two thousand feet and 
hold"; "do not fire until you see the whites of their eyes". 
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nuclear deptn bomb burst, demare may bo? assessed in accordance with a 
previously discovered rule, usually based on an estimated lethal radins 
and the distance from target. While this type of determination may 
not eewa perfect replica of the natural event, 1t willy if based cz 
reasonable accurate data, describe the event in a useful way By 
"deciding" the outcome of many such events, the game will hopefully 
yield results similiar to the actual conflict results while, at the 
same time, creating a history of the battle whicn can be of immense 
analytic value. 

It can be seen, that if the entire conflict were carried out 
using formulae and eauations which were ccmpietely deterministic 
and allowed only this type of decision, the "game" would be only an 
analytic solution utilizing the computer as a bookkeeping device 
There would be no choice or chance inherent in the interaction and 
the simulation, as such, could not be properly labeled a war game 
2, Random decisions. 

It is obvious that the real world does indeed contain a iarge 
measure of uncertainty especially when considering a ciash between 
two strong forces, and this is appropriately carried over into a 
realistic simulation of the analytic version of the opposition of 
LNeSeutences. 

Before looking at the method of injecting chance into a proble 


re 


it may be informative to see why it is desirable to do so Consider, 


= 
ne 


once again, the aircraft entering the radar search circle In the 
deterministic case contact is made if the two lines intersect, or more 


explicitly, if the two equations have a common solution Is actual 


radar contact this certain? Suppose it was a submarine enterin: a 


yoda 








Sonar range circle, would contact be 100 per cent certain? In either 
case the answer would most likely be in the negative, txperience snows 
that each type of searcn equipment has some probability of contacting 

a target at certain ranzes, This probability may ve hard to pinpoint 
and will usually be estimated from test data or previous analysis. 

In war game analysis it is generaily preferaple to reflect this reduced 
reliability than to assume perfect performance. 

In the examples mentioned earlier when predetermined human __ 
decisions were simulated, one would naturally contend that standard 
policy is not always carried out, and that responses to tactical 
confrontations are not, in fact, uniform and predicatable, Some 
mechanism to allow for human choice and human error seems appropri-= 
ate when describing the real world. The results of hunan decisions 
will always be uncertain and one aim of war gaine analysis is to 
facilitate the improvement to tactics, policy, weapons, and military 
planning in general to ccpe with this uncertainty. 

Other human decisions of great importance are those whcse effects 
manifest the action of the enemy. It may be beneficial in some 
analysis to restrict the enemy to a definite course of acticn, but 
more often than not, especially in war gaming, the interesting results 
are obtained against an unpredictable enemy. His freedom of choice 
is discernible when his motion is described in a probabilistic fashion. 

The Mente Carlo technique, The vehicle for injecting choice or 
randomness into a war game or any Simulation is known as the ilonte 
Carlo method (24). Probably the oldest and simplest use of this 


method in military affairs consists of throwing the dice, This device 
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is used today in manual war games and some fl-et exercises, A torpedo, 
for exanple, is launched against a submarine, either at sea or ina 
"paper" exercise. It is desirable to make some assessment of possible 
kill or damage. Aside from using real war head, a dunlous peacetime 
practice, this determination of damage must be arrived at from the 
known capabilities of the weapon and the armament of the submarine. 

If the role of the dice turns out to be a previously specified value 
or greater, a kill might be assessed, If not, the torpedo is assumed 
to have missed or, perhaps, inflicted minor damage, flrom tne stand= 
point of getting on with the exercise, this constitutes a "decision" 
as to the outcome of the attack. However, for analytic purposes, 
little information is gained unless the set of kill "rolls" cor= 
responds closely to the actual kill probability. 

The Monte Carlo method then is nothing more that sampling from 
a probability distribution, which, it will be seen, does not have to 
be kmown explicitly, 

In computer simulations, the throw of the dice is replaced by 
generation of a random number, Ir a simple example, where the prov:til-= 
ity of success is 60 per cent, a number is generated in a programmed 
subroutine so that it lies randomly between 1 and 100, then the gen- 
erated nunber is compared with 60 to determine success or failure. 
There are many elaborate subroutines to transform the random numbers 
into an appropriate sample from any one of a number of common frequency 
distributions such that generation of rancom numbers is analozcius to 
sanpling of 3 jiven population (10). 


It should be noticed that when dealing with a given pre ability 
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distribution, one is sampling froz an artificial population which has 
a distinctive mean and variance already knovn., 

The true usefulness of the ttonte Carlo technique is manifest when 
the analyst is faced with the situation in which, not one, but large ¢ 
mucber of interactions are to occur, A brief description cf a familiar 
tactical problem may illuminate the use and merit of the Monte Carlo 
technique, 

Consider the contact, tracking, weapon launch, acquisition, and 
kill of a submarine by a surface destroyer, In any defined geometric 
configuration, it must be assuned that the probability of success of 
each of the five aforementioned events is determined as an input to 
the game, This minimum information is essential to the initiation of 
the Monte Carlo process. The final overall kill probability does not 
have to be known. Returning to the example, the game has progressed 
to the point where the submarine has entered the sonar range of the 
destroyer and has some probability of being detected; say 0.8. One 
could make a drawing from a box containing four white balls and one 
red bail and thereby "decide" whether detection takes place or not. 

As the submarine proceeds on course, determinations of this nature 
could be made at regular intervals, using different vrobabilities 

for different ranges. This procedure simulates trackingyor possibly, 
lost contact, If contact is held long enourh to justify an attack, 
another sample could be drawn from the "box" population corresponding 
to the probability of a successful weapon firing and the success or 
failure of the launch could be established, Once again, the seometry 
of the model takes over and the two tracks are extended to find the 


closest point of approach of the torpedo to the tarset From here 
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the program goes to the probability distribution for acquisition, 
wewally a functionwof range,#@and hence, if appiicable, to the final 
determination of kill or miss from still another probability reflect- 
ing the lethal power of the warhead. 

A computerized war game can carry out the above interplay for 
numerous forces on hoth sides. The Monte Carlo technique, by deciding 
each interaction uniquely as it occurs, from given independent prob-= 
abilities, can lead to an end result through a large number of events 
and intervening actions. This result, average number of kills or 
average kill probability per transit, will approximate the mean of 
the kill probability distribution which was never uniquely determined, 

It must be emphasized again that the single event probabilities 
must be introduced as inputs to the game, and that the Monte Carlo 
method of sampling is not a computational device for arriving at a 
definitive solution to the problem. The value of the results will 
depend upon the assumed initial probabilities. 

The problem connected with any situation in which the individual 
elements are reasonably well known is to assess the results when all 
these elemenis are allowed to interact and intermingle. To try to 
locate and separate each cross product distinctly is an immense task 
and then each cross product must be related to still other combinations 
of actions, the net effect being almost impossible to follow. The 
Monte Carlo method offers a means of permitting each unit to carry on 
its purpose and to respond in a manner similiar to its natural function 

in its native environment, so that the total effect can be manifest 


without being formulated, To be sure, the method does not. define a 
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solution, but only "keeps track" of interactions and "decides" con- 
flicts, but in doing so it provides a history suitable for study and 


analysis 
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HAPTER IV 
RESULTS 

The most perplexing and pressing problem facing a military planner 
who is dealing with war games is analysis of results. If the war game 
is tosbe a useful civiwed the rest ahs cust not ouly bexeemeistient 
and believable, but they must also contain enough meaning and relev= 
ancy to be definite contribution to the decisionmaker. 

Many words have been used to describe war game results; valic, 
invalid, true, useful, unrealistic, hogwash, etc. It must be admitied 
that the war gamer himself is usually most restrained in labeling his 
preduct. The attempt in this chapter will be to organize a few of 
th@se labels, so thet the military reader may defend or attack such 
results on relevant grounds and so that he will have some idea of the 
worth of the data in his possession, 

Before proceeding with analysis of resuits, one point should be 
raised at the outset. The purpose or objective of the sim lation 
must be firmly understood before attempting to make sense of the 
results, This may seem obvious, but the easiest way to deceive one= 
self is to study war game results as independent data without knowing 
how or why they were generated kResults not directly related to the 
objective may be very enlightening. However, they are better consid-= 
ered as subjects of further analysis than as end products. It should 
be clear that only results which are direct offsprings of the explicit- 
ly stated objective of the game should be given major attention. 

This chapter will be confined to looking at results from three 


aspects with the main aim being an attempt to aid tne reader in making 
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better judgments as to the worth of war garie results. The three 
aspects are: Stitistical Significance, Logical Validity, and Compar- 
Sion with experience and intuition. 
1, Statistical significance. 

Upcn completion of a run of a war game, the computer spews forth 
a set of output data. One may well wonder why this cannot be treated 
as the unique solution to the problem as in the case of many other 
analytic studies. After all, one set of input p2rameters should yield 
one result. It will be recalled th2t one distinguishing fsature of 
the war game is the employment of the Monte Carlo method in the decis- 
ion making process, Using this method, there is no assurance that the 
result of one play of the game is a very likely outcome. If the game 
is run again with the same parameters, a new outcome may well appear 
and may vary considerably from the former one. This is not surprising 
when it is remembered that tne outcome of the game is a member of a 
probability distribution composed from many probdabilities and one play 
of the game is considered statistically as one drawing from a popula= 
tion of all possible outcomes of the game. Whit the analyst is seek— 
ing 1s some kKnowlecge of the parameters which define this distribu- 
tion of the outcome, namely, the mean and the variance, For example, 
if the outcome of the game is the number of bomber penetrations, one 
1s not so much interested in individual plays as he is in the average 
number of penetrations over many plays of the game. The obvious 
question is how many. 

By treating the results as samples from the population of pos] 


sible outcones, the problem becomes one of statistical sampling 
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theory, ‘while there exists a great body of infornition on the s:bject, 
this naper will be concerned only with what careful statistical analysis 
can contribute to the comfort of the military plainer confronted witn 

a myriad of data generated by a war pame. Some assurance is needed 

that the game has been played enough times to give the user a high 
degree of confidence that the results adaguately rerreseit the true 
model cutput. In other words, he wants the answer to tne above ques-= 
tion of how many plays are needed. 

The principle of statistical inference states that the parameters 
of the parent population can be inferred from a study of the sample 
distribution. The degree of confidence in these parameters will be 
determined by the sample size, which in war gaming means the number 
of plays of the game with one set of inputs. The statistician can 
arrive at a confidence interval abcut such a yarameter which gets 
smaller as the sample size increases. 

For example, in fifty tosses of a fair coin, the proportion of 
heads may vary from 0.4 to 0.6, but in 5,000 tosses the proportion 
of heads will seldom vary more than from 0.48 to 0.52 (27) One is 
more confident of the mean proportion of 0.5 with 5,000 tosses, In 
war gaming, one is usually interested in some mean numoer of kills, 
or contacts, or penetrations, and the statistician might exemine 
the results and announce that the mean number is 27 with a 95% con= 
fidence interval from 24 to 30. This means that there is an object- 
ive probability of 0.95 that the mean will lie within this interval. 
An increase in sample size may reduce this interval or produce a 


Similizr interval with 99% confidence. Such an improvement may be 
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very costly in additional plays reouired, The war fame user hus to 
make a judiment about the size of the sample desired. If the confi- 
dence interval is adaguate fer his use, he would be well advised to 
limit the number of runs for at least two reasons. First, computer 
time is expensive, and secondly, the war gamer is usually desirous 

of making parametric changes to the inputs and then examining the 

new results. This recuires multiple plays of the game for each change 
of inputs, each needing statistical vindication. 

Other statistical methcds can be of value in further analysis of 
the game results. A common practice in gaming analysis is to vary 
one important parameter and note the effect, if any, on the output. 
Suppose increasing sonar ranges were aroitrarily assigned to a sur- 
face unit in an ASW exercise, and a linear increase in contacts per 
transit was experienced, The assumption of linearity can be verified 
by examination of the data using statistical methods of correlation 
and regression analysis (6). 

What does the statistical significance of results mean to the 
beneficiary of war game results? It tells him, prinarily, when he 
has played the game a sufficient number of times to have a high 
degree of confidence that the mean and variance obtained is the true 
population parameter of the output. This confidence should not be 
unrestrained since the statistical methods deal only with the numbers 
produced by the model as it stands and the "population" of plays per- 
tains to the model and not necessarily to the rea]. conflict being 
Simulated. The statistician is only assuring nin that tne mumber 
that he is looking at is representative of the average outcozie of 


the model and not a fortiitous case where the internal decision 





mechanisms have produced an unlikely resuit. Other mathematical 
treatments of the results, i.e., graphical analysis, regression 
analysis, should be viewed in the same light, as truisms about the 
model, not about what is being modeled. 

Much information about the nature of outputs and the relation- 
ships between inrnuts and outputs can b2 extracted from this t.’re of 
analysis. However, the burden is still on the war gamer to relate 
this information to the actual tactical or strategic situation. Ile 
must ask not only if the results are valid in the model, but do tney 
correspond to their image in reality. 

2. Logical validity. 

In formal logic, a conclusion is considered valid if it is 
arrived at by rules of reasoning of a definite and consistent form. 
Rules governing the subject and predicate of the major anc uiinor pre- 
mise will determine the validity of the conclusion. Once the validity 
of the conclusion is established, the truth of it will depend on the 
truth of the premises, If the conclusion is valid, meining it follows 
logicaily from the premises, then one ean eStavlish the truth of it if 
he can establish the truth of the premises, An invalid conclusion, 
since it does not follow logically from the premises cannot be labeled 
true or false from knowledge of the truth of the premises. aA conclu- 
Sion may, of course, be invalid, but true. The rules of formal or 
mathematical logic can become very involved, out the underlying 
principle is to construct the logic in such a way that agreement is 
reached on what conclusions cin be drawn from known facts ind which 


conclusions are supported by the facts 3nd which are not. 





War game results may be looked at 1s conclusions in the sense 
that they follow from the internal logic of whe game. The ouestion 
fucing the analyst is whether they fo..low by the ruies acceptable to 
him and does the playing of the game always take the course intended 
by the user, In any mathematical study, the one who must act on the 
results must be satisfied that the outcome follows from the input 
according to the laws of logic, or laws of set theory, or of trigo- 
nometry, or whatever disclipine is being used, Take, for examp.e, 
the elementary trigonometric equation for finding the length of the 
third side of a triangle, when two sides and the included angle are 
given (The Law of Cosines), After seeing the "law" developed from 
basic geometric and trigonometric postulates, and being satisfied 
that the logic is sound, the user will confidently insert inputs 
(the two given sides and anglic) and find the value of the third side. 
To him, the result is valid, and trne if the three original inputs 
were true to whatever they represented, 

Logical validity of war game results is essentially the same 
concept, but much more difficuit to achieve in practice. If on2 conld 
trace through the entire program to ascertain the rules used in the 
determination of the oulcon:, then he could be assured of the validity 
of the results. He might like to know whether the equations reflect 
logically consistencies, like, to take a simple case, are radur cuntacts 
adjudged only within contact range of the piece of radsr? 

The value placed or game results by the military planner will 
vary directly with his confidence in the validity of the process, 


Since he supplics the inputs and is responsible for their "truth", 


he needs only the assurance that the often elaborate ind complsx game 
logic is giving hin a logical flow from input to outout. This assur- 
ance is in addition to an awareness of the approximavions and assumy- 
tions mentioned in chapter two. xcept in the case where the game user 
and the builder are the same person, it will be next to impossible 

for the user to trace through the entire game to satisfy hinuself 

with the logical consistency of the structure. To some degree, he 
must rely on the skill ard integrity of tne individual who built the 
game, 

This confidence may be atvained by a fully documented game, or, 
more easily perhaps, by a close and informative partnership between 
the user and the builder througnout the development of the game, This 
partnership is difficult to attain at present since many war games 
are being built primarily by civilian analysts, sometimes working close- 
ly with the military, and sometimes working in an academic or non- 
military atmosphere, ! Some familisrity with gaming technicues by the 
military officer is essential, and a working relationship of the 
military with the civilian analyst would be very beneficial. 

The builder of the gume is usually convinced of the logical and 
mathematical consistency or the system, but he must transmit this 
conviction to the military officer who must uct on the results. In 

doing so by the method proposed above, the war gaming technique may 
serve as 4n agent in increasing the rapport between the civilian 
analyst and the military tactician. 

‘the degree of association with the military varies, This work 
is being done in many places; The Applied Physics Laboratory, The 


Rand Corporation, Stanford Research Institute, Systems Development 
Corporation, etc, 





3. Comparsion with experience and intuition. 

Another definition of validity specifies that statements or 
conclusions are valid if they can be supported by facts or empirical 
evidence, It is this test of the war fame results which is most 
elusive and controversial. It is comforting to be confident of the 
logical structure of the model, and to know that the results are 
statistically significant, but given such a case, the analyst must 
now consider how much can be inferred abuut the real situation fron 
the use of the model. Building ar. accurate and logical model clears 
the first hurdle, but establishing the relevence of the model is the 
crucial nurdle to cross. Unfortunately, there is no sure way to arrive 
at the realization that a model of a military conflict is relevant and, 

undoubtedly, unanimity of opinion will never transpire. 

The model gets its meaning from reality, and the usefulness of 
a war game is measured by the ouality of the knowledge which can be 
inferred about the real world by playing the game. The proolen is 
one of properly making inferences from the simulated engagement. This 
translation of numerical results from an artificial situation to use- 
ful facts about reality is the ultimate responsibility of the military 
decisionmaker., 

Two somewhat formal tests of logical validity and statistical 
Significance have been suggested to tie input values to results. The 
third test of tying the game results to the real world by comparsion 
with experience and intuition is by nature less formal and requires 
continuous study, reappraisals, and subjective judgments, together 


with whatever data can °%e obtiined from similiar fleet exercises. 





Some examples may illuminete the nature and score of decisions 
which may be called for when determining the usefulness of war game 
results. Suppose a war game is devised to simulate a hunter-killer 
team stationed in some defined area to prevent transit of enemy sub- 
marines, All units have been programed as having capabilities which 
they presently enjoy, many of which will, of necessity, be probabilistic 
in form. The object of the game is to evaluate current tactics against 
this threat. The military planner is satisfied with the structure of 
the game, has supplied tne input parameters, and has played the game 
a sufficient number of times to arrive at statistically significant 
results, Upon examining the results, he discovers that one type of 
unit, say for example the ASW helicopter, is very seldom involved with 
a kill, ard almost never credited with an initial contict. Does one 
conclude that the helicopter is really not essential to the hunter-~ 
killer team and should be removed. If not, where do jou look to 
explain the outcome which may be in disagreement with the outcome of 
Similiar exercises run at sea, 

Consider another submarine transit problem, this time using an 
SSK barrier. Once again, the barrier is set up to prevent enemy 
submarine transit through a specified area. The game is run using 
inputs as realistic as available, and the results show on the average 
19 kills per 100 transit attempts over several plays of the game. A 
Sliiliar fleet exercise is performed with results thot 8 out of 10 
submarines are killed, Here again, there may be a temptation to 
declare the model useless, since after all, the criterion for a good 
model is the predictive quality. Here an average of 0.19 kills per 


transit is predicted and actually 0,8 kills ver transit occur. 
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These are but examples wiich point out possi le conflicts which 
may arise when war game results are compared with experience and in- 
tuition. While there is no pat procedure to resolve these dilemnas, 
some guidelines can be listed to ease the burden of the decisionmaker 
faced with the task of making the best use of all sources of informa- 
tion available. They should be applied whether the game results are 
aprealing or disconcerting. 

Do not try to compare two different things. A model is not the 
real thing and was never intended to be even though it may reveal 
truth about the real world, Model results, looked at in absolute 
terms, are different in naturerthar. live results, and comparsions of 
the two are difficult. The environment of the fleet exercise will 
probably be different from that simulated, and more important, the 
rules of assessing damage or kill are often not the sane. 

Look for relative improvement. The problem of comparing two 
types of results can be avoided by inaking comparsions witnin the 
game itself. If the purpose of the game in the second example is to 
evaluate, tactics, game’ results sheild bes came? aah clulee ies 
from the same model, but produced using different tactics. Hore a 
marked increase in the number of kills or contacts, using the same 
input capabilities, may indicate a superior tactic. If a fleet 
exercise demonstrates the same increase with the new tactic, some 
good has been realized, regardless of the absolute number of kills or 
contacts by each method. an improvement in the fame could lead to an 
improvement at sea even though the numerical results in 2ach approach 


vary considerably. 





Reexamine inputs first. When attempting to resolve discrepancies, 
reexamine input parameters first rather than tinker with the basic logic 
of the game. One of the useful analytic purposes served by fleet exercis- 
es is to shed some light on the perfornance characteristics of the var- 
ious units. These performance characteristics are important inputs to 
the game, and erroneous ones may lead to strange results. As the game 
is continually adjusted to better reflect reality, the major adjust- 
ments will be to update the effectiveness parameters of the weapon 
systems described, In the first example, fleet experience may snow 
that the helicopter has a much higher effective sonar range than was 
supposed in the model and hence, a greater contact prooacility. In 
which cass, a correction in the model may produce results demonstrat— 
ing the usefulmess of the helicopter in the Imnter-—killer team. If 
not, the simulation may point the way to further critical analysis 
of the composition of the team. 

Changes in the internal logic should follow only from a new and 
genuine understanding of the essence of the physical world which is 
being pictured, This will be more important in future games where no 
operational data is available for comparsion and the best one can do 
is to stabilize the model and vary the inputs, 

Do not judge the pame by the results alone. When the results come 
out in close agreement with preconceived views of the user, he may be 
tempted to consider the gane valid, realistic, and even extremely 
astute. Likewise, results which contradict a pet theory are in danger 
of being branded useless and subsequently abandoned. On the contrary, 


the model should be evaluated by itself and not on the believability 





of thie results. as in the logical syllogism, one s™rives to construct 
a system which will produce valid conclusions, the truth of whicn will 
depend on the establishment of the truth of the premises. If validity 
of results, in a logical sense, can be obtained, at least with reson- 

able assurance, then there will exist a connection between inputs and 

results that will make it easier to examine both, The model should 

be judged on its internal merit and the results should be judged only 


in light of the assunmed inputs. 





ChaPi ir V 
OBJ BUTIYSS 
Having reviewed the more important features of modern computer 
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Simulatcd war games, the remainder of this thesis will be addressed t 


UO 
the problem of the usage of gaming techniques to further mititery object- 
ives, the present chapter will be concerned with objectives to ve sought 
by the employment of the war game, 

The military officer is continuously aware of the necessity of 
making the most efficient use of his resources in hand, of planning for 
new weapon systems, and of devising means of evaluating the new systenis 
ws they evolve. The theoretical side of this day-to-dayeappraisal is 
in the domain of operations analysis, and the objectives of wer ganing 


d¢ not differ appreciably from the routine objectives of operztions 


4s 
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analysis. The simulated war game is another tool cof analysis which 
Stall developing, and, like all new methods, cen be of @meat valuc Witen 
used effectively and applied to problems which are amenabie to tiis 
type of discipline, ‘hile discussing war game objectives, it may de 
observed that the clussical purposes of war gaming and the post world 
Var II purposes of operations analysis blend togethsr in analytic war 
gaming and could bring to military decisionmakers a new appreciation 
of each methoc, 

It has been emphasized throughout this paper tnasy the ob) ctive 
of the game must ve understood by Th. user (and, of coursz, tne Luilder) 
in order to appreciate and, perhaps, tolerate the asgutipzian or cmererd 
and the results on the other. This chaptéir will outiine sow. of the 
feasible objectives of sinulaved war games @nd, where apprcpriate, point 


out their inflnerice on int@rme@ structure. 





ly lesting of wer plans 





The testing of War rians Nas bien or of Eiienistcric uses of ewe 


War fame, ‘Ne idea was to devise 4 cOupibve’ vlem of attack to weheiy 


C 


some desired military end, and then to "play it" ujcinst suppos«d citany 


reepons@s, whileftaking into@@ccounl, ii posstele, cWe@nce Wappeninics 


af a] 


mich occur in @nyeconflict sivwetion., G@ieak points in he plan wore 
Corrected &s the, became apparent, aid ofven, as a side product, insight 
was gsaincd into a new tactical approach, The war game offered an oppor- 
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tunity to "tryweut" proposed plains prior to the time when titey musttebe 

used for "keeps", Tne evolution of military tacticssgarall@ls, in sonic 
ways, the developmei.t of philosopny, in thet heavy reliance was placed 

on the accumulated wisdom of the past and the insight of a few geniuses 
who crystallized concepts intc workable rulzss. There was no methoc, 


outside of war gaming, to continuously cvaluate and revise tactics in 


tines of peace. Thewmalytic war ganic, as w test ™r of piens, continues 
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ne modern computer sinulatced war gume can and does serve vhis 
Glassical purpese; nwacly, the cvaluction of various tactical pronesals 
for handling and array of threatening situations. with this objoctive 
iiemind, the game sould oe built with w sBrious Imtent of describe 
the military capabititics, ér@fiy and friendly, as accurately eas UMe; 
are known to date. when the stated purpose is such a general “Svaluaticn, 
the assumptions, approximations, and internal structure must oe peared 
vo serve this purpose, this*recuirés 2 trwe refltetion of the real 
Situation if comparsion of plans is to be mauningful. It can be seen 


that by taking as one's objective the deteriuination of the best master 





pig, the game must bemm@a@mnot only laraey oul acetate inweeeentiel 
dévail. shis reduirem@@nt for aecurucy of description of &nfentiré modien 
war plan means that this otjeceUive can Be uch#eved only witWa greot 
expenditure of time and efrort, even un the aid of nigh speed computers - 
It may beradvisable to seek a smaller oojective on som® occasions to 
avona having to descrioe too large ea conflict in minute Gevail. 
cagmeitectimeness of tactics, 

the difficultly mentioned above can be reluced somewhat oy consider-— 
ing onlyssubelemenvs of thewowtr&ll strategic picture, cvhereky concem- 
trating on local, relatively independent, tactical situations resulting 
from threats less than world wide. In this way, the war semer can 
ignore or hold static many aspects of the environmental oackdrop against 
whieh the engagem@nt is played and thus reduce the detail recuired and 
maxe assumptions less demanding in verisinilitude. 

Consider, for example, the cefense of a mercantile ccnvoyeazainst 
hostile submarines. It may be the case that only twe methods of defense 
ames proposed: excort destroyers, together with ASR helicopters placed 
ebeard themerchi¢nt ships, or «supporting Hnunver—killer team isicemin=~ 

tieevicinity of thevéonvoy: The objective 1s to canpare tne ™etfecuiyo- 
ness of tne two teans against the same thr@et. This can be silaulatee 
with less detail than on¢ would suppose at first giance, the couvoy, 
LHMeRCh Case, cun be programmed as 2 unit with little deteil other tnen 
course, speed, and limited naneuvering ability. Thes@naiy action can 
consist of attacking sutmarines of given capabilities, but the atten- 
tion to detail in describing thes= capabdilitis can be rlicccd as lone 


as thé same threat is presen¥ed towencl propos#d t#tam. The description 





Cialis Sa inyethrcat mist oeieeeoi bly acecuruyeecut thegimporbent Wr inz 
1S ska, make "at sinilver fommpeciapve igi. ome ror this ligeiVed objective, 
the envirorment ¢an be assumed to be mid-oceam, remcvinz tne need for 
coneiderable geographic detuily, Tf on tie otimwer hand, the convoy rprob- 
lem was to be purt of a test of a general w.ur plan, it would most likely 
Nuve to be programmed from scart to finish in eccuril® a@iail. "1th a 
less general objective, tie dmpor o§ pnadday.: thegmodelency SP edcucud 


S ln @@enerality,. 
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considerably more than the corr:svondin;: Lo: 

A point can be made here couewrning the relations.iip between object- 
mvesmand régults. In tn® case of the limgeee obyeetive, Unememme may 
"find" one méthod of convoy defens® more erréctivé tacticaily than tie 
other against a given threat, but this does not imply that it should 
necessarily be chosen. Ths objective wis to determine tactical superior— 
ity, While other considerations such as cost, maintenmnce, need for 
Bemeonse, probability of tlm@eat, efe,, remaii fom torvior anes sis. lene 
overall war plan, if it could be modeled, might cry to cover these itens, 
but it should be remembered that the war pame may accomplish its objective 
and still not answer all the pertinent cusstions on tne subdject. 

3. Devolorpment of new tactics. 

While discovery of new tactics is often a happy outcome of enalysis 
G€&ésisned to-emainine currenl tactics, it cym also 02 & prope objective 
ilselt.sAssa natter of lect, bhevcaeetiorwof mew Vacwiics  Lommaeeece 
repidly changing threats of the cold war is 2 parajacwit jniportance in 
modern military planing. 

Oririnal tactics wer, often comes out as <1 5 sult of Sscneemicatio. 
or reorcering Of Currail@eictics £5 they are carrifd out in Ulicsethic, 


e | % 


The experience pagir-d from™@inployime o.ully WReuvers in tape Pield will 





Demyisely used to contribute to diffsrent and bevter tacii™s in the 
futur@. This@xperiencc, compimed with professioman wiscone@ernd insmgeht, 
has been the’ main ingredient of new tactical thgory. 
The war guming method, «hen given possibiliti2s of muitivudinous 
plays of a single battle by the computczr, can investigate many coubinetions 


* 


Of weave i Mebi@ tactical foreés to scre@n for Mebettcr@@pprokch co Ui prob- 
tem, Orle"no longér has to rely on heppenst¥incs ce@M@eimetions wich 2ribe 
in buttl# to s@e fortunate tactical emplojyiienms. Libuvst, progosed 
vactical innovations by military theorists carn be@valuated in a saniulated 
fateld environwent in che saneembuuner @s curmit Yactics,@end we world 
does not have to wait for war to test the feasaijility of new and revolu- 
tionary approaches to a conflict situation. 

4. Determination of future needs, 

The post World War II philosophy in n@tionel cefensmis -heme not 
only on having sufficient forces in bein; to copé with any threat, 
also to de continuously developing new weapons ard tactics te defend 
against all conveiveable weapon systems which the enemy has prospects 
of poss@ssing. 

In this regard, it is a logical objectives of war gaming Bnalysis to 

aad in this criticad determination of future needs,  Itme Eivemwar g@emc, 
thee ganer has: the privilege of setting forth the ernsnyecapgorlitias, 
against whici: he will attack >or defend. It is possible to increase the 
enemy capability by simply iuroving the input puriheters wich describe 
o 


his »action. The game is tren run using secs ime celts of one's Gm 
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flcet to discover how bad thitijs will be GRAD urs are ucoie wo 


particularly vulnerable. Jy ban Bic sev pa Vir ees 


Lo correspond bo inpro vane 11 Oe OL oli ll 1. se 6 tor- 
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emotion can bewneds @s to thy dears cof improvement neces sury to met 
febure threes sy 

lt As oftenkeisy to ste intuitively just where one's om Tiset will 
suffer @ disadvantage if the enemy inhtricvs improved capabilities, out 
the degree or quantitative measure of s lf improvement needed and the 
exact nature of the wexupor. to encowpass this improv ‘uent are not simply 
Wane 1a wed. 
5, Gorrelation between units. 

2h®, Wavy is in possession of Many different, som@vemes conrlicting, 


rut if 


fleet units with which to do the jceb of controlling the sss. in aon 


° 


RLONe,) Uwenemagesthres typ:s of fae wing mircreail, helicopters, 
destroyers, submarines, and numerous ctiier systems with overlavping 
Capebiliticos of debectbing, treticing 8M killing emiiy suopariivs. Of 
of the challanges of naval leadersitip is to mold these divers> units 
into an efrficientvand mutweally compitultntiry team Weving the higvest 
peobabillity ci &ccomplisiing the mission. “This proplem is no vdiiférent 
in concept than the ancient problem of deplo;ime tUn@ cavalry, in#eéntry, 
@ic artillery is such-a@oway so as to achiev Wie maar ‘coordizzrion 
anc destructive power, 

moe™rn tCacticul theory is often blocked b@cawem of "ha ambioility 
vo identity and quantify theee> lect of cmmmunit cri Ble CLisrsmilicn tise 
arewsupposedly workins dboward the sam-@nd,  Theresexists, sirecimr sit 
isSmexplicitly stated or not, muiteei interfer snem, not all of woaen is 
involuntary. Crmuey to atzick this projlen as Zo piysiwcihil, ury the 
VAPLOV.S Heasibls Convingclons eniCie Rages VO tr aoe Une Cl flere t 
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perfor.iance, For -exaninimeey cur desurcyers Umea aviie gf Suameeine 





Detter in COngsmcLion Wivieeesoieewe pratt, Eplicope™rs, or glone: “Tams: 
S90 shortage of Opinions on vitts Umes ior, cub it is difficult to get 
sufficient data from al~se@l trials tommmasure th: correlation between 
Unies, Me@inly because each trial 1s cifSerent ged compamsaons los tneir 
invaning, 

This type of canparsion is not impractical in computer war suis 
analysis, where the ease of repedting plays makes the determinution of 
this corrsletion an-atteinible and worthwhile objective. 2th this 
moaern analytic tool, Wis possiole’ to arrive at > quantative measure 
of the interaction among units comprising a large inilitery commend. 

6, Oti®r®ob j-ctives. 

she objectivés listed in this scction are'typical of the ones sought 
im currenu war weming and, for tht mater, are similiar to che oojectives 
of all forms of analysis contributing to military planning. Those men- 
tioned @ré ones particularly suited to war pgaine analysis, and many combin- 
nations of these objectives are found in current military models, 

There are many variations of the above purposes. To suggest a few: 
a War plan may be @ defense plan, i.e. the establishment of the Sack 
System or an cquivalent system; future needs may be logistic rather than 
tactical as in a simul.ition analysis of th sea Lift or air lift capa- 
bility. Finally, in the area of tactics mand correlation effects, the 
number of possible objectives to be pursued are increasing faster with 


each new complexity in modern warfare. 
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faced with feethreét which cen o2 met with a varicly or meens et fis 
disposal, he will look to the wir game for a clarification or ultimis 


solution of the problan, (Whit is thers about war gume analysis tat 


« 


Me 1 


Makes 10 m Wise choi@® Gin ony given problem? In this chapltr, the 
conditions germane to.a problem which make it amenable to wir gies 
wamieysis will beediscusse@, wilh the purposevel civink Whe decistom kor 
a better base on which to cheoseé the means of analysis best suitied to 


assist him. she format will be in ths form of custions which snould 


asked and answered about each problem recomaandsd for solution by 


ay 
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1. Is the problem factoreble? 





When exgerinentving in tke physicplescisneets,. treeempcrinenlendt Ee 
tempts to hold as many conditions as possible constant that are not 
Subjecus of his Study, He is, in a ssmense; factoring cul cneschiomscuer— 
istic of the physical sitwation anc examining it independently. His 
Succ eSsmImycepend onewhetlrer. the osserved efifectais an fact ningepeS 
dent of the environment. 

A military exercise may be considered as an sxperiment; ons in 
which there is very littie control of whe environment. In militgry 
axaiysis, however, it is desirebie to look »t one evsnt or interaction 
at # time in an atu.enpt to do a finite mathematical study and thereby 
find an opting or @ffecient way -in whith Yhe event should teks plec™, 


Unrortunately, “nen dcaling with 2 conflict situation in th® rehi @eric, 


Lo 
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poverned by human Setion, it is wiry aweward to hoid “Ge: enviromaent 
COnSteitt to perform en anelliysis on one @VEIL. ites inthis cx iggy, 
where factoring is impractical, unmet cmewaignt turn to thewwer game. 

A fectorabl® @vent can be removed from 1ts environment @nd stu@ied 


separately, whereas a nonfactoravle event cannot(16). For example, th 
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determination of the most ei ”ective sizt of a depth comb ma; be male 
Without considering ti® tactical mtmospnere in which 1t is to be drepred. 
Once a criterion is decided upon (explosive powcr per poun?, lethal 
i 

radius, ship mounting conv-nictnce, ctc.), reasonable results can bo 

cbt vine. On the other igind, "he prooleen of theaiostvetiectivesuse of 
destroyers in @ huntcr-killer team cannot be anstractsd from the con- 
bext of "Uhe local Vactical situation. The deployment of des rovers 

is not independent of such ittms as; the expected <hreat, aircraft 
availability, and the number and makeup of all the units in the area, 
Thus, the wWo.l picture, onwe tactical level, Aripears tc be nonfactor-— 

able, Weapon capavility, sonar and radar cquipacnt, flight operations, 
aud other facets of the problem may be improved independently, out when 
it cones to the best use of units or weapons in a unitied plan, the 
enmiysis b&cones muddled, TH@ most efficient yse of “destroyers Caner 
be added to tle most @fficiens use of helic@pters in the Simmer heme 
wie hopemol eettine the most iclentecomoinkiier, You mkye in Bae 
get chaos. The helicoptcr search plan may be based on covering the 
maximun arée of ocean space in scms defined conteict arpa, sunile the 
destroyers way be striving for containment, Both paans could be inde= 
psndently optimal, but the combined =ffort im@y be ingiiicet@it. the 
operation planner must mow become concerned with a new situation and 


try to devins the correigtion betwee, thee units. 
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Taking the ercupeks 2 whole, i.c., noifactored, seriously coaplicetes 
the mathemuTicol analysis, @ situation which gwls worés 2s more and Tore 
units ®rrivewon the scenes ven to @@ Seperiwmebd operational cofmencer, 
the nonfactcred tactical probvlem is a daily source of study anc reapprei- 
sal. 

From the @nalytic point cf viftw, tie nonfaectored problem can oc 
handled with more assurance by th: war gaming method, In the game, es 
Penteoned @erlier, «ach unit und its cffects @re describtd indeptndently 
anc thrown together in ean artificial world to-txemine their interetions, 
The success of each combiniticn against a given threat can be measured, 
ant better combinations may become obvious when the data is ussembled. 
The war game is doing, in effect, what cannot be done in the fleet; try- 
ing a large number of procedures and tactical configurations against 
Similiar cnemy actions. 
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Noes sa definite eralytic solution exist? 





Even when an event can be factored, it may be troublesome to analyze. 
Om@m@inust cioos* @ criterion by which to judge™@thé results. “shen conduct— 
ing AoW search, does one choose to maximize the ocean area covered in a 
given time, maximize the probability of containment, minimize the time to 
regain contact, or even minimize fucl consumption? For a definite mathe- 
matical analysis, some measure must be chosen, and it may not be adaquate 
when the @ntiré situation is considered. 

In var gaming, it is possible to hold the selection of this measure 
in abeyanc:, 4nd examines the rasults as one would examine the results of 
an atesea exercises, om: of the above measures may be within reasonebic 
constraints @lready aid not in neec of specialized atter.tion. Th. @@me 


mayesufficiently 1lluming@e the interactions involmie to ae ae 
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more weaninzeful factored witlytic studivs Gan ve initiated, 

In still other cas#s, the currt:.t mathematical metnodoluzy is not 
capable of dissecting certain tactical arrangements, or cconceivsebly, 
the circumstances have not been considered from a mathematical viewpoint. 
In either case, the war famé may prove to be the only current approuch, 
nd its uséfuiness c@m be justitived by théefact thee itecan preducé 
results when they are needec and not forthcoming from other anaiytic 
methods in the forseeable future, when a definite analytic solution to 


uggested thet the war geming 
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Seeressin= problemis not likgly, it is 
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techmique be cemsidemed, previded it fit preb len , 


Meverthelessy as pointed out in aha@ptrs four, thgercsults must me 
certain swenderdsato be fivem credencc, sanc should mot be clutched tee 
lovingly simply because they are the only answers evailabic. 

ractical? 


Is fleetvevaluation 


3. 
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An analytic war game is by neture closely related to the manuel 
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Om actual war page, They both seek tht same objectives the “paper! 


game is considered ‘hen it is impossible or impractical to make the 
Gesired ¢valuation in the fleet with Aactuml combat units, «nd, quire 
peesonably, the real lif@ game should 08 utilize@eynen Wis feasible 
[Coney turn out that the most profitable@ernangémert will c Leet 
exércises run in conjunction with siusultantous sinubationr. 

Computer wir pamwing is not an inexpsusive passbime, and may not 
bee justified if the Game cata oka be obtains from Timeu exercises 
whizh must be conductsdeanyway for training purpost®s,. wbetter data 
precessing in present operations could psduewethe need for éecons iene 


able amount of artificial inv@stigations. Om the othsar hand, if the 


i 





cost of certain fleet exercises is prol.ibitive, the simulation method 
may become economically attractive. 
4, Is the use of nuclear weapons anticipated? 

This question is related directly to the previous one, but is asked 
separately because of the distinctive nature of evalnation of tactics 
involving nuclear weapons. These events cannot be properly evaluated 
at sea, This realization, coupled with the fact that many modern 
weapons have never been testec in their present form, forces the mil- 
itary analyst to rely heavily on scientific studies nd simulation. 

The Navy today is faced with a growing arsenal of weapons whose 
capabilities are not fully known. These weapons are becoming the core 
of our attack ensemble, and tactics must be designed to use them effec- 
tively. In a war game model, the nuclear effects can be given a wide 
range of values and various attack plans may be tested over this range, 
Hopefully, one plan will prove effective in that part of the range gener- 
ally believed to be the true measure of the weapon capability. In this 
area, Simulation may prove to be of exceptional value. 

5. Does the proposed tactic denend on enemy action? 

This question may seem trivial since the answer wiil be in the af- 
firmative in every case. Nevertheless, a great bulk of the military 
analysis is done without considering specific eneny action, or else one 
definite action is assumed for a particular study. The response of the 
enemy is "factored out", This is often the case in studies of effective- 
ness of weapons, where the design of the weapon is such as to optimize 
certain fuctions (power vs. weight, convenience of delivery, etc.) with- 
out regard to the specific action of the enemy. If the weapon is proverly 
delivered, the asvumrtion is that enemy resrouse is linited to dying 
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iniee, lars Brew of si laelestiiaes , eee tucllicul censudemltions 


inmelye tTraciimes Somrcmiliiey lime imee, and positicvogmy units four 
Wekpemedelivary, ib gayoo™ dec@iping to ifmer:, or «.rbitwmrily Gesign, 


Tie enehye ection, 
anti-submerins search plyms, for exampis, Gre semetin=s based on 
bhe principbe of maxinizing theemount of ocean seurched in w given 


or will be in the eresz searched, This 


Co 


time assuming thit the enemy is 


isgeiiten the most prefitpbleearpromch when intelli geiice is sparse or 
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Completely lackingras to nis approxinig ye wh-regbouts. i, however, 
a datum had been established, . seircni Dised on ocsun coverars, while 
Maximizing the amount of high rrov bility area searched, may net max- 
imsze the prebability of detection, “hn such doubt eris®s, on? Urits 
thee plans eeednst sous reorestiietlive enemy cvesive™ ctchnicuts to ebtgin 
a ticowsurs of sucewses of the thetic, Thess t@sts may be run “ét sie or 
on paper. If thé results are not satisfying, thn the wer caning 
technique may bé helpful. The search plan can be modtled, prozranimed, 
and cried apeinst S great variety of individual submarine ménsuv@rs. 
Used in this way, as 2 tester of véelical plans, tit war game often 
proves to pe wm cxceliont complement to definilive studies. 
Considenmths cise of @ar@aefenss, Uften 2 likely enkmy air eeréck 
plan 15 sugmested and th® decisionmaker sbeke 1 quantity of weapons und 
an @rrangemeunt of forces sufficient’ to weet and deieer tul:is type of 
ass@ults After the study hws progided [cramm ontiisl deployment of 
forces, it may coms to pass thit this "optimal" solution is very 


ineificient if the eneuy cnoofss am unorthodox or unthoughicfl amgiiuc 


of attack. Rather thin do a now study for each imagin- ble mrmy action, 
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Lt ey bi desiriuble Lo precrun tag Weim $id run simulsom@ bir &t- 
Tic uSinw® all sorts of aU@REK St CeriioR 

The principle cf alleopain> times @iehypetteecon. of &ctionm wocn plin- 
nie @Gefenee wocs back te the first @aming, waeme tre funcke@eel cucs- 
tienwas; “If he does this, then whateacticn do we take?", and this 
question was asked throughout the play of the game, This principle is 
Still applicable today, but is often tverleskud in the agm of ullinkie 
weapons, where thesemphasts is on Lotwl defense rabhor then ded@nass 


geninst specificvand probebie Snemy getions. 
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While it is hoped thet th: reader will *hewe, et thas time, a 

general notion as to the advantages Gnd pitfalls to be expected in the 
use of the wer gaming tcchnicus, it seems mpproprigwe to close this 
Lhesas with @ specific delinem@tion of the @esevs and limbilivies chat 
the practitioner can waticipete. It may tramepire that, in quarntit;, 
the advantages outweigh tne disadvantages wnen a list of vach is 
composed, However, one should reamembor that with ony tecnnigue in its 


early development tne advuntuges teid .o be all™eed advantazts, while 
the drawoecks are those which heave wctuwlly Seen experienced, Cne 
serious drawback, discovered at the completion of an claborsats and 
costly war geme can nullify a great deal of hard lapor, and outwtignt 
mafiy siipposed advantages. «4 checklist, wnaile® not txhaustiv:, will be 
set forth here with the hops that by using it one may avoid such pro-= 
Speeliverd1lsasveers. 


One judgement will never be entirély applicable to &@ spécific 
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problem considered for solution by war maming, @ul it isMrisio 
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Giab thesdescription cof senrreal 2dveiMtageswend dis idyarnta sro. ch 
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method will assist the military plemner in consigning his particulmr 
problem to the proper snalytic technicue. 

there are many ways of attacking a problem, all of nici. my 
heve mutual advanteges, The concern here, however, will be waiti the 
particular features of the war game which sufficiently distinguish 
it as huving unigue advanteges and disudvanteges, 
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fie citing of these Geioctlion criteria is Neget to wid tien 
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itary cecisionmais:r i neces eee 6 eC Serie cee 1 is not 
mrepos d -cthpt the edwmmieeos + GER chomraenrritig viesevs fo pur- 
Simage tuis auppropen, or tmst thew dravimeeks om Weed to condemm vee mechoc, 
Dit uhngtabothabe understocdeand. aeppr<cimiadieeemuscing che technique ard 
acting on the results, 

1, Advantages, 


A solution ae, be founders nother cxistsd, It “edmnut bes 





deniéd that # system which produces an #nswor here non previously 
existed has an “adwanter® ovir othir systems trying to solve the same 
problem,  dIndeéd, this hus bben one of (hbeprimeany 'seiiine points! of 
compuler simuLatved war games. In che complex militury worlc today, 
OfiLyw method which can cope with wll the probabilistic @¢véntis and 
unknown corr2lations can sultally descrioe tha conflict in terms com- 
pheve Saough to yield valid results. Ti@epaning) veehnicue is proposkd 
to get a gross idea of the magnitude cf an cutcome when no concept of 
this outceom@ is in being. As they s@y in the trade, "to wet 2 handle 
on the problem", 

Tnis advantages is becoming more and more dominknt as mn attempt 
i 


isamade to unalyze the current cefenseepesture in Uw atmospacmecof 


possible nuclear exchange. with the offens.: and defense springin 


Ga 


to) @etion imnediegtely gud with one depending on the other, to an un- 
knewn deprea, and both depmncding on Un: Boeny iuppmegeh end cayioilit:, 
theagearch ford “solution” to thesglobal sci@tion i= tedivusmend 
unending. The wir gauc is grasped in hopss of generating some initial 
idea of the quantity end quality of forces nmbed@d in botn our offensive 


Widecehensi Ts Systane 





Tie @Pnic why week, ‘Is Mose (ur Wrowe) erieer Detter then ne 
UnSeme@reet all?" A pooc qu@stiron if résults obtabred fmgm poor WRr 
genes Brae paraded is Lie only truvm beeeuske lhe; constitutes Tie onky 
exi6time solution te Ghé preol#@n. in this decepbivownd derigsrous 
SLEMeeion total ignorancetmy be pretépdble, bul & caScernine decision-— 
In@ker will ®vold this trap b; caviefiul ki@lysis of ve Mame rcsults: Bs 
sup@esived in chapter four. Ind@ed, if tae meihed is weed in Saeere 
Colvemaelytic virginity, thesmesults, whille waliebi:, must be cam Geall; 


valicautad least they be illopitimet- 


Ouiconcs « frAecstemi nad, nov descrig probebilisticly. Suppose 
@ wiven wedtponesyet<n has e AQ. kill propbepility wgeinst «. fiver three. 
ate 4 . d) 


what does this megn? Is it w ingasure Of past relig.biiity, meaning that 
it kKildwd 406 of the tarect athacked? Ur is it a su3es Ft the facies 
reliability, voweed on tue known pérformence of Lim components and @ 
esUiimte of Lie enemy UCeferse? Ooonitinge ieee” propmcilislic resuies 
pave vhewailitury plas@P inte «wendary, iluw Coes lie Agploy = 10, 
euiesclivt Syacome 

The war gaming iaethod mhy ronove this dilemma (viile probably 
creating nev ones) by making a determinition of each event, using, 
most lile@liy, tire’ saize lmnown cOmpontnt c@pabilita@es, In the courst®of 


the Dbattl®, th: game will undoubtedly show That ChE welpon system in 


vest 


- 


on 1s approximtely 1.O.wemm@@ctive, but by “pidying out” exch 


fae 


7 1 


event, it may show where the kiils occur wand in whet situaticns the 
system is usillss. We history of Lne @anc will pivee the wilitery 
decisilonuaker @ oeltir picture cof the geet plage by eich wee por, 
system than@t: analytic solution ‘.ich states only the overwll prcb- 


iW evs Dakavg em opi Ren ty elec cic 
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7a is Bent . oe Gey Tt ae sie >. 
Hes yal aes =e 7 fh SAL 15) - MJ ok vUinpu ~ + 2 Jt Se a“ 





i 4 ‘ < “¢ wy © + ’ ee 1 sd 4 J va ° 4 s Ae eo aR wey i : yo . 
WAswenmel is, Gite natumealy, cere ae ats sim rivy Lo-wctual 


or manwai vwireeiwes, Inweliver gore, 15 9 2@rm@bytic or "vere" aitivod 


whch retains the featur® of Zetusl wt=sea prectics, the “try it wad ses" 
3 
L 


Rppreach, anteppreach of prewen wiliteng worth. iis, OL cours, is tie 


ratvionzle behind classic. “br @mning @id is so ntioned here €@6 & curmint 
bovantaig: only ir the @x.bent thet the currcnt @meuntcrpaet ritaii.s this 


chaructearistic, 


S~ccorreiebion @aourw wnits. Tis tweit 


. 
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Themcemne e@6is in discover’ 





Veommeeulongdecerbver Me arsobgsctivs ofvar gummy, vub lo lisbedeis, Gn 


micas: tage; OcCmucer 1b Seems LO v= ome cf them aspects of Une gaming Uaen— 
ticus moet relevant and useful in mod.rm allivery enalysis. ‘Tie method- 
LCi wyerragesh or opcrelLons ageGgerch. NaS Omen to Dbrtigk dome ca x 
prebiiem, end. cxiiwepeeecio g@icit; Lifts gaetomed Sos... thaseprecediage:. 
de beslec Sub-cptiitaation, “Piss .o optliaas vj) combomil and arrive 
woo gn cplimed ov?rall sys Usmty 


tf 
a 


sa 5 Me SS hd eae ae WII ~ 1 Fe “) . yt CTA ' 4 
his process, eee LR bk it odu cite ok “§ Rie om) 3 ili ’ ) i: 2 DUWES i \ Fl, atk un 


Lnegiitliguemecslonseoccur ln the ovpeelio rep le. send st hee cea os 
cannot be rejoin#e in « ictical way with «ssurance of cfficieaMey ir. vite 
Composition. Lecsll the 4xanpl® in ch@ipter six in which thethell@@puar 
s@erch plan wes superinposec om th® @estroycr stareh plun with no 
guzmantee of 2 bio iciett combined s@@rch pla 

The Var fiuding method will net CSiine Vhe correlation Datwien 
s 


ee ae: ae i , 5 ae 8 ore eee : v _ 
ueits 1n thee: @2sm, “wel tefinlcicia@eekid ba an input Jo tee og 


$00 the cidbbataps of @iefeculc seiost. 1fethsycould vere aie, 
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whee th game will do, with Lt@wabiiity of rapetLiticn, i: wich, 
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M ol be * c® “1.9 ¢ . a ; * * oF , “Uh ry e * . wT) as a *- 4 : 4 x 
combing Pe ots qls gy hy oO beat ere 4 el. Lire ie are eek ie) ek Cat Pre, Ws Dru 2. 8 OF 
~ rs f ae = md ion . e : fr aor oa ° ie = ‘ * 
COfemMiccess., ‘Th bast eectic._! cuibin taicn of SMMrcuc wiits SP. 


Gigecrewcc by "“trytac" lieth BL vec. Cyl of Us 4. ter- 


seynioic. The exict 


) 
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g£evtOn teeding vO Une best cllCage 1s net ez 


interdependence betwee: units sveki:._ Lhe seme ebjcctive™ley ceomeian 


by 


Eetistery, but if thewioet eP@ectiveaGwiieg cc daptoyvinzg Uies2 units 


Can bi: found, the mystery does not rem-in @ stumbling block. 


Galaing analysis may b2 more re=listic., o suprest roaaliem as ah 





advarnwapge to computer simulat<sd wer Musing may raist 2 guffaw from 
thosé exposed to the téchniqué. Bore offen thea not, th: praia con- 
dtiining wdjective Applied to war gamcs is “unrgwlistic", It is true 
that the simulation method does not purport to accurately photograph 
the ree world, cine® this is true ofedll medeling, to coumare the 
re@lism of vericus models do#s not s@th profitecis. Toe clhin realiog 
“S$ an advantage of war gaming 1t wiil nuve te be contrast d with tne 
actual war game or flest exercises Method of obbaining invormeation. 
parce allege priori militeryeen@lysis is “unregil"” ine Strict seme, 
the question to be asked is which zpproachn will le d to information 
most true top the reg conflict. 

It may be argued tnet Lhe wer gaming @pproach wiil mever ba 
wore realistic then amactugl fluset exircis= of similipgr cordert. 


is this always true? It may be thet anlytic war guaing will fit the 


Lv 


criterion in some case. Ii vgeay flget “SCHELicts "ye the kill gare 
ninwbeen 1s made by the throwsof thsedicesor is decid id Weeweoy eae 
umpire, ihe wupire may be intSrest-d in <«xUmecling the mest Bt-aea 


tYaduioe from th: *3@reisse und th: cice@-2etic mee om cesinme d tc 
v 





Laver @ prolorsed “ingame befor this reweer.. Wiis erbiceduar (ey b- 
dcvamee gouee fer treks pureee.s, ul Wee Come Ser cee 
unteliG@ole for critickhl Mae: vel Q@ieiysi.s, rur suelh cle 35 1t Gon bg 
nore "désirkbleetlo mol the ekercise Wie design the Momus Carlo t ee 
nicues in such alway so as to réfiech vlLbunit capBoilitizs 2s accu- 
ravely es tity ame knejm, Inwitfect, if the purpe@es of the file at 
exercises (training and analysis) cannot b: separdtcd at $22, it may 
be more advantagcus to résort to an analytic methed whiten can mek 

Chee sepa relagmeand deserib> the adteep ly wivn eM sing 6 spurroscea: 
mind, 


the @nalytic war gau®, us hes been 





¢ between purses tmathemeticas studies @ad opera- 
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tioned. games Or exercises. Its replayevility is gn Asset not gomerel 
& J J oO oe 
enjoyed by the @thw tweemethods. In Une Pageld, it would biawextremely 
enlightening te replay miny of Lhe actual operetional encounters under 


the exect smms cencditious, thereby wlloeving forga meaningful compirsion 

between twe different t2éticel wpproaches. ‘his is seldem possibic, 

and all too eften ther? remeins the suspicien thet one system or bactic 

appears superior beceus: of the fortunate conditions in which it performed. 
The ability of repleying a situetion is not @bSent from methem.tical 

studivs, which heéve S@ife repetitive chpabiliti®s. it is of Wn possible 

to changs ons pxraméter whil» nolding the other inputs constant; Wnd 

thus @pproximdte aln=w system optratinug @gadist thr same thréat. In 

this respect, the definite mathemitical wethod co:s not cémpkre un- 

faverably to the war B@nine wiethod, The @¢dvenwapes of war amine it 


oS * °.  glidian jie | 


Chis aspect rest m@inly ob, “He: fect tiwh time Beis built witli the 


xy -~ 
‘owt 





expres d charzcucristic cof @@se of Pepeay Bane this Mares 1b a eto or 
Vehicle Lomiliwin the ierius of nitieroust - IR gemend @ekés Sieeresults 
more zemenable to stutistical amalysis. 

2. Bonus advantages. 
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she two advantages listed below do not pertain directly tc the 
Bralytic method itself, but rather Lo advent&eges from which the decisicn- 
muksr benefits by employing the war gahing method, regardless of the 
ultimate results or the lack thereof. It snovld be metieed, however, 
that these advanwmges onlytaccru*® in cne cas eh@re the decisionmakor 


Ssocmalss nimstli closely with the ganic @ac its builcer: 


Modeling a complex situation increases one's underst indines of the 





basic structure of the preblem., This adventuge of modelinr, whether 
the mecel be mathematicel er physical, lies in th: fact that the process 
of constructien, oy 1vesif, can often Ipad to the discovery cr mony 
underlying @nad hitherte unknown eeueésa and Sifects “hich g@cb in ths maal 
world, As the analyst asseilbiss the war game and tris to describe 
methshatically thawetien taking place, he is fUresd to scrutiniz® vhe 
relatienships belween events-énd participants in minute Ceéwil. He 
inust painstakingly c#t@#il ach eventwinc interpetion, In d@ing this, 
he may look al the particulcr Ovent in a new and critical maniucr, a 
look which often breeds fortuitous changes in the way of doling things. 
While setting forth the logic of the game, the fumerGuay noticd 
illegicel arrangements of forces or inconsistent proetdures wiich have 
néver been illuminated befor®. tuven if thé @8Mc e@@nnot solve these 
inconsistencies, thm experience may lead to @ néccseiry re@pprasi&l end 


aan 


constructive future Micticon. «iMemnetl <= true imepurc Of UThsse disco Ee; 
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lesa be valtiable Irom ameeucatienal pointuoel wales Lie analytic 


gain snoul@enot be overlooled singly because il ts@uol immediately 
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useiil A metnodolo@esimich doses nomnememy ian eeeese errors 
considered as analytically advanvayous. 


raming may provide a needed link between tae civilian 





nar gaming is a method of tac- 





tical and strategic ewaliation Cuite natural toetve military. cri 7, 
In tine of peace, or, to be more sophisticated, in tine cf minimum 
micitury involvement, the operational Conmmandsr empioys ‘various tech- 
niques to Waintain and improve his fighting units. “hile these tech- 
NiQUeS Mayo. Guerents Labeles -- thew Mey be pamwerdliy consageredaae 
war games in the traditional sense, He has also developed many proced-~ 
ures for piannilig Witure action frem artificial momels, such as eareniie 
lines on maps, using maneuvering boards, maintaining tactical tramiers 
canned problems, ant ote rSimulalion devices, 

voncurrently with the renewed effort in the manual war gaming 
area, there has been an ancreasing use ofwMathemavical Cs¢€iinicues for 
attacking military probiems and clarifying military complexities, 
oincemWorld war II, the application of operations research methods to 
military problems has grown continuously, and has become an essential 
pare Of ali military planning. 

The advantage of computer simulated war games to be extolied here 


is that it may provide the link between these two approicnes to military 


ii eet exercises, vivouncs, @ames, triining cruises, anc nuilferous 
joint engagements. 





analysers mone or whicwcrs “natiralybe: the madrcary iofiucer and) anesernicna 
Ne wan comfortably lapreme his operalionme competance, and tie other 
appmevem talken prigigimily bywedsviditan analysts, ressarcaems,eand 2con— 
onusts, who are Lrying te pass on to the military the oenefits cf their 
fortes. futher than have these two avenues to better strategy and 
tactics at odds with each other, or at best unaligned, the modern anal- 
ytic war game may provide the best setting in which to bring together 
these two sciences to tie increased good of the entire nationnl defense 
Sh OTe oe 

3. Disadvantages, 

Before discussing the disadvantages of using the computer war gai- 
ing veclmique to vsolve military -problescy, ib maysoe inform tive Co 
decide what is meant by a disadvanta;e or drawback to a methodology. 

In this paper, a disadvantage will be taken to be an identification of 
&@ proolem encounterec waile using this method, which might now arise if 
another approach to the problem were used. Ii tne gamingemetlod cannot 
solve a given problem, this will not be considered a disadvantage, but 
rachervar limitation. «li the game is of Such Mra roms omisetorane. 45 
tO Solve a problem when it realiy does net, this is 4 disadvantage, 
This chapter will not be explicitly concerned with limitations of the 
method since many of these have been alluded to previously. .ather, 

an attempt will be jaade to point out sowe of the reasons for the con- 
sternation that often arises when che technique is employed to aid the 
military cdecisionmaker., 

the average game is not easy to follow. It nas been suggested in 


chapter four thit the user should reud., check. and throushly understand 
3 3 é, 





the internal. loric of thewwir @amiso Lat ne can be salisiled mith te 
COmet cence ys Of Die resulta. @ esis cusicr to bigpest Ulan Lo Seeenmgiish 
if the user hs been personalige involve wets Lie construction difthe 
model, he may be reasonably content, If not, oy @#r tre host coumen s1v— 
uation, he may find it difficult, time constding, cor even impossible to 
fully understand all the internal mechanisms by which * game proceeds. 
In this state of affairs, how is we Lowkake gocc use of the gane's 


revelations? he proovably cannot. 


Before goins further, it is imperative tna® the gravity of tne 


ain 


cr 


needofor.logical walidits joctowthercatusiactionmefmene Gecisicii ie 

be established. Saye proolen or impressing Geo Un® executive themmec— 
fulness of an operations research study is aot a new one. Tne decision- 

maker has many justifiable misgivings about uathematical solutions which 

are, of necessity, abstractions fromthe actual Sevuting. in amygieaces, 
however, wher tne study is completcd, the soinutior is "obvious", or 
Cacmiyecmecked and aecercued. 

Consider two famous operations research studies of #orid war iT 
vintage: ons involving’ a new procecule foi w.sking mess kits, and th 
other pointin, to a change in the depth setting of a depth charge(17). 
iepeachecase jcie soluvion could Ge checked ote le 7iae, 

As the operations researcit.er tacxies problems on a higner tactical 
or stratefic scale, he must give the cecisionmaker more anc more assurance 
before a change will be made, In .ar gaifing,'.here the method is most 
promising when cealing wili iarge und complex military arranrements, 
suggested chanres aie not Painless co tr), end the decisicnnaler must 


BT] 


act with conviction, «a wur func (i MES ora my inely Thelen eentire 





WE@ON SHSLCN 1S Lot wort its cust, cr Wil a “nol: defcnse spctcm 
dorloyment needs to be rearrang :4, 

ne the soley Jf Uiie cecisions galereases and operational ci#&urs 
becememmore Ciftzicull, ‘meemteed for vala@awion of resulls*pee@omes magce— 
wery, if this cannot be done, the technique may net be a satlisfactcrm 
ayproach to military problems. If the builder works in conditions ~“eiote 
froui daily comsultlation wath military opinion, he may fa11 to Constrict 
his internal logic in conforiuance with the essence of the ical world 
situation, or with the current operational judgment. 

One way to beat this drawback is to fuily document the game so that 
bie USGr Can srace Le logic easier. Unfcrcunatei, | experrence toss 
indicates that this way double the time and cffort needed to build the 
Game, or require excessive toil emer Lite 2ume nas been convieted and 
presented to the user. 
2,uire outeome cispro- 


One missuided assumption can effect the 





portionately, The war gaming method has been cited us udvanta ;cus in 
Guseedu Cal Oe USeG TO Seek Lhe Solution lOmin Cri eeemee! (ome cer — 

plicated interactions, rather than obtain the result from a swaaation 
of factored-ouw subprobloms,. with this quality goes an obvious draw-— 
back, When going for ail or nothing in a solution, one mistaken as- 

Suiaption can result in nothing, and more effort is wist-d than if the 
Mistake Were made in a sm@ll suoproslém 

The delicacy necded in vhoocinP assumptions was svuressec in 


chapler two and Ll way nem Decl Or ML EP ieee omy lable osst@iption 
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thegend, so many ovjections, reasOMo ie te ON oN, tu LN Weve icts 
i.e you Te pCR cost REP Rsit ko armtre comm@rvative 
and well tested method. 

many Of these ov jmetions arise bocaupés ab will be reeailed, t:.e 
Woigmeeme 25 distinclive in thatelt Stugmbts to pan do mpall tho relevanz 
ha@epeninss and their vffects, even cnuss caused by nituval and Widean 
ferees, In doing so, the “galj@r has exf@scc his pro@Mct to Mii endless 
Stmeam of Criticism,eaince very few people will @gree on a siven interp- 
retion of human behavior. 

The above disadvan.age can be reduced somwevhat in scop: if the 
builder consults offen with bas uscr, @inl olners hwowdwedgeaole in the 
fi ela yeaurinigweeee construction of "the game 

ae analytic fami method confiictsymitn the "judemerme of experts" 


4. 1 


concept, «as stated sarlicr, the war game is a blend, britizing tegeuic 


= 


contributions from tic civilian anal;yst and tne fiecid comidie +r. This 

Cia Geeucriotu@erpeiciticoncd before aco @ VIrbue, miay Gutecle COlCCn wee 

if the blending never takes place. ihe military commendcr, enc iiuent 

make the finul decision, nas found th.t he hus to rely heavily on per- 

sonal judguent end exporience; whereds the civilian analyst nay ScmelLings 

feel that ali problems, military or otherwise, can O23 solvge by @Meran- 

plication of the Scisntific method, 1f the proper technicues are developed, 
ihe war game provides "experience" in wm artifical stnse and often 

provides it where il is not sttainablit in any olher wav, Is this experi- 

enice comparable to uclual militar, experB@ice: owen 10 Bela uscds 


Answers to questions of this nature hulp to cecide the preper useeer Bae 


fame method, and whether its onplowmitenit will ubLbimutélbp aid or Miner 
> J bi | 





tne dccisionmoker. 
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It is conceivabls Viet w regulling nog be usce Lu subsvultute for 


, 


OCU exercises ales ceccne 2 Felecio for Une akin Gi ial 
déeisions by nonmilitary percoarel, ihis could appear bo be an un= 
rortunste use of a potentially Geneficial bechnicdue, .he gaining 
method, when used in proper perspective, snovld be couplemenvary tec 
actual military experience und surploment the "judcznens of experts", 
rather than replace it, 

the product say Never “seli"m Tis Dist osjectson 1S aun owpr i. 
marily at the practice of building "all purpose” or general wor Bane 
models, It has been emphasigec tirousncut thts Uaesis Eee bie eo) ee 
Lave On the fame mict oe firmly vesuaDl toned in @iaer oO mdke toagieat 
assumptions, an= to make best us@™@of che resulis., it may oc possible 
LO modaty 4 game, built for ore purpose, to mane 20 Useiut or aiotuee 
purpose, but this amounts to a new wae game using soar of che old modci- 
ing techniques. 

Most operations research svudies ave constructed eround tne proplen 
to oe solved and this is suene:aliy tru: of studies utilizing the sinuta— 
tion device. tloweyer, there seems to be an urge on She part of Soe 
compulsive model builders to put topethicr games and chen s2en a use for 
theme This does not sean to be the moet effective tamier of apeljing 
the technique to military situztions., 

Rather than describing reality in mathematical form, the pursuers 
Of Lilie SMeruarctiteare try lip to Mee. reality tit a pr econcelycd tie ae 


With ininimum chanre in the model. Inhis tactic can net om.y load vo 


eee Pate Sey eae rate bd we al ; mars 7 "y : mers i ale 4 iM : ret e weeny 
Sera iiod, Semin One. sib COU eO ee ta ee OC G7) eG ri oo 
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1Lav Mews crup™ ling Me. be. 
Gonvyercalio:s with militury pire, faced ywoatr @roblensmalie 


)U 


ney be solved by Une use of Mar , aiTing, usdicawn thit they prefer ty 


@eveiton their cw modeis ratlor ti.en agapl. to B Modal @ireud i9 gle 
tence, If this a universial fveliic, bhen games constructed for pmnzrgL 


usage und not rélated to a speci*ic military probicmmmay We consigncc 
to the shelfy Tue talents consuin:d in such efforts tay neper yiclg the 
potential benefits to the decisionmuaaxer, 

The military services, if they ave tu reap the benefits of tnis 
new and powerfu adialylic techniouc, must invade the privacy <1 the 


i ee 


Civilian model tuilders and sugsest obj 


| 


actives, wnile Sv UnewsEme time 
providing accurate data with which th: researcher can cha nei his 


efforts toward a realizable ond and then “sell” his produet te an 


ap ureciavly eecueccmer 
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